The glutenin and gliadin fractions in different wheat varieties produced during two different cropping years were determined through SDS-PAGE and Acid-PAGE. It was evident from the electropherograms that greater numbers of polypeptides were present in the region falling under low molecular weight glutenin subunits. The SDS-PAGE patterns of molecular weight of glutenin subunits of different wheat varieties showed the presence of glutenin subunits in the range of 28.23 to 110.89 kDa and 28.29 to 113.51 kDa during the cropping years 2010-11 and 2011-12, respectively. The highest molecular weight glutenin subunit (110.89 kDa) was observed in wheat variety Lassani-08, during the crop year 2010-11, while during the cropping season 2011-12, the highest molecular weight glutenin subunit (113.51 kDa) was found in wheat variety AARI-10. It was also evident from the results that the maximum numbers of gliadin electropherograms were found in wheat variety Lassani-08. The results regarding gliadin bands revealed that total gliadin electropherograms ranged from 31.03 to 89.61 kDa and 32.91 to 92.22 kDa among different wheat varieties, during the crop years 2010-11 and 2011-12, respectively. The polypeptides with molecular weight between 31.03 to 54.50 kDa and 32.91 to 55.21 kDa belongs to α-, βand γ-subunits of gliadin, during the crop years 2010-11 and 2011-12 respectively. The group of polypeptides with a molecular weight of about 54.50 to 89.61 kDa and 55.21 to 92.22 kDa was composed of subunits of ω-gliadins during the crop years 2010-11 and 2011-12, respectively.
INTRODUCTION
The quality of wheat is somewhat a composite term and is dependent upon many genetic and nongenetic factors such as genotypes, agro-climatic conditions, agronomic, and cultural practices. The wheat quality is usually evaluated depending upon various physicochemical, biochemical, rheological, and baking characteristics. Diverse quality parameters of wheat granules are of importance while manufacturing various baked products. In spite of low protein quality and quantity and lack of some essential amino acids, such as lysine, methionine, and tryptophan, wheat is considered as a valuable supply of dietary protein for human consumption. [1] The protein contents in mature wheat grains range from 8 to 20%. [2, 3] The wheat consists of four major protein fractions which are differentiated depending upon the solvent in which they are dissolved. These fractions are comprised albumins which are dissolved in water as well as attenuated buffers, globulins that can be soluble in briny solutions, prolamins (gliadin) that are soluble in 70-90% of the ethanol, and glutenin which can be dissolved weak acid or base. The albumins and globulins are enzymatic proteins while both gliadins and glutenins protein fractions constitute storage proteins. Out of the whole protein content of the wheat flour, almost 80 to 85% is shared by gluten proteins and thus are a big contributor toward suppleness and flexibility of the dough. [4] The diverse compound of gluten proteins, along with their size distributions, are considered amongst the most multifaceted protein complex in the natural world and also because of the changes caused by genetic factors, cultivating circumstances, and technological progressions. These factors have essential part in providing the novel rheological characteristics and ultimately affecting the quality of baked goods. Although there have been a vast number of valuable research works performed to evaluate the structural and functional characteristics of the gluten proteins, there is still a quest to quench the thirst toward better knowledge and skill through modified research progress in the area of gluten proteins. Among the priority areas, an important issue is to gain a thorough insight for changes in the disulphide linkage initiating from the synthesis of proteins in the maturing plants and taking a stop finally in bakery manufactures. [5] The glutenin comprises of about 30-45% of the total wheat flour proteins and show a wide array of subunits having molecular weight ranging from 40 kDa to many millions. [4] The wheat endosperm comprises of high molecular weight (HMW) glutenin (80-140 kDa) and the low molecular weight (LMW) glutenin (10-70 kDa). The HMW glutenin subunits (HMW-GS) play a chief role in determining bread-manufacture quality, while, the LMW glutenin subunits (LMW-GS) contributes mainly to dough confrontation and flexibility. [6, 7] The gliadins consist of single units and form almost 30-40% of the entire wheat flour proteins. [4, 8] The gliadins, on the basis of the respective mobility, are further segregated into four clusters: α, β, γ, and ω gliadins that range in molecular weight from 30 to 80 kDa. [4] Field studies indicated that environmental conditions affect the amount, composition, and/or polymerization of the gluten proteins. [9] Dominique et al. [10] selected four cultivars of winter wheat with contrasting qualities for breadmaking to study the effects of environmental factors on grain protein composition and properties. The composition of the gluten proteins determined by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) and their size distribution determined by size exclusion-high-performance liquid chromatography (SE-HPLC) were consistent with the presence of higher proportions of high M r polymers in the two varieties with good breadmaking performance with environmental effects on these parameters. The breadmaking varieties showed greater differences related to environmental conditions. [10] Therefore, the mandate of the current study was to evaluate the effect of different cropping years and varieties on the elecrophoretic behavior of gluten proteins.
MATERIALS AND METHODS

Procurement of Wheat Varieties
Six spring wheat (Triticum aestivum) varieties namely, Sehar-06; Shafaq-06; FSD-08; Lassani-08; Aas-10; and AARI-10-procured from Ayub Agricultural Research Institute, Faisalabad-Pakistan -were grown during the crop years 2010-2011 and 2011-2012.
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Electrophoretic Studies
The protein fractions, i.e., gliadin, glutenin, HMW, and LMW glutenin, from flour samples of each wheat variety were isolated using a modified sequential extraction standard procedure developed by Curioni et al. [11] 
SDS-PAGE
Each wheat flour sample was subjected to SDS-PAGE analysis by following the basic method developed by Laemmli [12] and modified by Singh and Shepherd. [13] The dried protein pellets were solubilized in 250 µL of a sample buffer. The detail of solutions prepared for running electrophoresis is given below: 30% acrylamide solution: 29.2 g acrylamide monomer and 0.8 g bisacrylamide were dissolved in distilled water and the final volume was made to equal 100 mL with distilled water. The solution was filtered under vacuum using 0.45 mm membrane filter and stored at 4ºC in dark bottle. Separating gel buffer (1.5 M, pH 8.8): 18.20 g Tris base was dissolved in 80 mL water, the pH was adjusted to 8.8 with HCl and the final volume (100 mL) was made with distilled water. Stacking gel buffer (0.5 M, pH 6.8): 6.1 g Tris base was dissolved in 80 mL water, the pH was adjusted to 6.8 with HCl and the final volume of 100 mL was made with distilled water. 10% SDS solution: 2.0 g SDS was dissolved in 20 mL of distilled water. 10% Ammonium per sulphate (APS) solution: 0.1 g APS was dissolved in 1 mL of distilled water. Electrode buffer: 14.4 g glycine, 3.0 g tris base, and 1 g SDS were dissolved in distilled water with a final volume of 1000 mL. Sample buffer: 62.5 mM tris-HCl pH 6.8, 10% glycerol, 2% SDS, 0.002% bromophenol blue, 5% mercaptoethanol, 0.75 g tris was added into 50 mL water having pH 6.8 adjusted with HCl, 10 mL glycerol, 2 g SDS, 2 mg bromophenol blue, and 5 mL mercaptoethanol were added to make a final volume of 100 mL with distilled water. Staining solution: 400 mL methanol and 100 mL acetic acid were dissolved in 500 mL distilled water. One gram Coomassie Blue R 250 was dissolved in 40 mL water, mixed, and added to above solution. The final volume of 1000 mL was made with distilled water. Destaining solution: 400 mL methanol and 100 mL acetic acid were added into distilled water to make a final volume of 1000 mL. Resolving gel solution (two gels): Lower gel buffer 1875 μL, 30% acrylamide solution 2500 μL, 10% SDS 300 μL, distilled water 2800 μL, 10% APS solution 50 μL, and N,N,N'N' Tetramethylethylene diamine (TEMED) 5 μL. Stacking gel solution (two gels): Upper gel buffer 1250μL, 30% acrylamide solution 875 μL, 10% SDS 200 μL, distilled water 2675 μL, 10% APS solution 50 μL, TEMED 5 μL.
The electrophoresis was carried out using a 10% gel concentration. [12] A 10-well, 0.75 mm comb was used in a Bio-Rad Mini Protein 3 System having gel size 8.3-7.3 cm. The SDS-gels contained 4% polyacrylamide stacking gel and a resolving gel of 10% polyacrylamide. Samples (30 µL aliquots from whole wheat flour [5 mg] extracted with 250 µl of sample buffer) were applied into precast application slots. Upon the completion of electrophoresis, the proteins will be fixed in methanol/acetic acid/water (40/10/50) and then staining with Coomassie Blue R-250.
ELECTROPHORETIC CHARACTERISTICS OF GLUTEN PROTEINS
Interpretation of HMW and LMW Bands
The protein bands were imaged through gel documentation system (Syngene, Cambridge, UK) system. On the first well of each gel, the proteins were employed as the molecular weight (Daltons) markers ranging from 21-200 KDa (SDS-PAGE MW standards, Medium range, Cat #SM0671, Fermentas).
Acid-PAGE
Acid-PAGE for gliadin fractions of wheat proteins was carried out according to the method of Lookhart et al. [14] with some modifications as reported by Anjum. [15] Acid-PAGE was carried out on duplicate samples. The gliadins were extracted from 250 mg flour sample by using 750 µL 70% (v/v) ethanol for 1 h at room temperature. The samples were centrifuged at 20,000 × g for 20 min and five drops of glycerol were added to 350 µL supernatants to increase the density of the protein solutions and one drop of 1% methyl green solution as a tracking dye was also added. [14] The
The pH was adjusted to 3.1 by the use of lactic acid. The gel solution was filtered and polymerized by adding 100 µL of H 2 O 2 per 100 mL of gel solution. [16] Combs of 3 mm thickness were used. The gel solution was poured immediately into gel chambers already assembled. The gel was allowed to polymerize for 15 min. The running buffer solution for acid-PAGE contained 5.625 g aluminum lactate dissolved in 4500 mL distilled water, and the pH was adjusted to 3.1 using lactic acid.
Gliadin extract (15 µL) was loaded in each 3 mm thick slot. The temperature was set constant at a 20ºC. The electrophoresis was carried out at constant voltage of 500 v for 2.25 h. The gels were removed from the glass plates and placed in plastic containers, and stained with a 300 mL staining solution composed of 9 mL of 1% (w/v) Coomassie Brilliant Blue R in ethanol and 61 mL of 50% (v/v) trichloroacetic acid (TCA) for 4 h. After staining, the gels were destained in a 300 mL solution containing 50% TCA and distilled water, [16] and each gel was photographed.
Interpretation of Gliadin Bands
The standard Marquis was purchased from Biorad Company USA. The protein bands were imaged through a gel documentation system. On the first well of each gel, the proteins were employed as the molecular weight (Daltons) markers ranging from 14-94 KDa.
RESULTS AND DISCUSSION
The glutenins (HMW glutenin subunits and LMW glutenin subunits) and gliadins (alpha, beta, gamma, and omega gliadin) fractions in different wheat varieties produced during the cropping year 2010-2011 and 2011-2012 were determined through SDS-PAGE and acid-PAGE. The results interpreted from their electropherograms are shown in Figs. 1 and 2 as well as in Tables 1, 2 , 3, and 4.
In the current research, the influence of crop year and variety on protein were observed. The findings are in close agreement to the field studies conducted by Johansson et al. [9] which indicated that environmental conditions affect the amount, composition, and/or polymerization of the gluten proteins. The results of Dominique et al. [10] also supported our results. Four cultivars of winter wheat with contrasting qualities for breadmaking were selected to study the effects of environmental factors on grain protein composition and properties. The composition of the gluten proteins determined by SDS-PAGE and their size distribution determined by SE-HPLC were consistent with the presence of higher proportions of high M r polymers in the two varieties with good breadmaking performance with environmental effects on these parameters. The breadmaking varieties showed greater differences related to environmental conditions. [10] 
SDS-PAGE Characterization of Glutenins
HMW-GS and LMW glutenin subunits fractions have been identified as two major classes of glutenin polypeptides in different wheat varieties. These two classes of glutenin polypeptides occur in wheat flour as crosslinked proteins resulting from inter-polypeptide disulphide linkages. These HMW-GS and LMW-GS were identified by comparing with the standards of molecular weight subunits (21-200 kDa) run in the same gel.
Polypeptides detected in the present study can be divided into two major molecular weight regions. The polypeptides present at 28.23 to 69.81 kDa are known LMW-GS, while those which are present in the region above 70 kDa are HMW-GS as already reported by Beitz and Wall. [17] It is evident from the electropherogram that more polypeptides were observed in the region falling under LMW glutenin subunits.
SDS-PAGE patterns of molecular weight of glutenin subunits of different wheat varieties given in Tables 1 and 2 showed the presence of glutenin subunits in the range of 28.23 to 110.89 kDa and 28.29 to 113.51 kDa, during the cropping years 2010-2011 and 2011-2012, respectively. The highest molecular weight glutenin subunit (110.89 kDa) was observed in wheat variety Lassani-08 while the lowest molecular weight subunit (28.23 kDa) was expounded by the wheat variety FSD-08 during the crop year 2010-2011. It is also obvious from the results that the glutenin subunit with the highest molecular weight (113.51 kDa) was found in wheat variety AARI-10 and the lowest molecular weight subunit (28.29 kDa) was observed in wheat variety FSD-08, during the cropping season 2011-2012. A wide variation with respect to HMW subunits in different wheat varieties occurred. Our results are in consistent with the findings of Gianibelli et al. [18] who reported the range from 70 kDa to 130 kDa for HMW-GS and results for HMW-GS identified in present study fall within these ranges. The highest numbers of polypeptide bands were identified in wheat varieties Shafaq-06, Lassani-08, and AARI-10 during cropping year 2010-2011. Meanwhile, during crop year 2011-2012, the highest number of polypeptides was observed in wheat varieties Shafaq-06, Lassani-08, FSD-08, and AARI-10. MacRitchie [19] has reported that glutenin polymers are made up of HMW (100 kDa) and LMW (31-45 kDa) glutenin subunits linked together by disulfides bonds which support to the present electrophoretic bands influenced for LMW-GS.
It is well known that HMW-GS strongly contributes to the rheological properties of dough. The presence of particular subunits has also been associated with superior bread making quality. The reason of this relationship is still unclear, but may be of importance due to cysteine amino acid which affects the degree of crosslinking and to the structural regularity, thus affecting the elasticity of the molecule. [20] Our results regarding LMW glutenin subunits are also similar to the findings of Zhang et al. [21] and Bietz and Wall, [17] who concluded that the LMW-GS represented approximately 60% of the total wheat glutenin fractions of different wheat varieties, and their molecular weight ranged from 32.3 to 67.4 kDa. Khan et al. [7] observed the range of LMW-GS in wheat varieties, i.e., Inqlab-91 (33.9 to 66.9 kDa), Pak-81 (3.0 to 66.9 kDa), Pasban-90 (33.4 to 66.1 kDa), and GA-02 (33.4 to 66.1 kDa), which are also in consistent with the results of the present study.
The variation observed in electrophoretic bands with respect to LMW-GS in the present study is in accordance with the findings of Gianibelli et al. [18] who also reported range of LMW glutenin subunits from 10 to 70 kDa. The wheat varieties tested in the present study possessed LMW-GS in the upper limits reported by the above researchers and it may be due to genetic make up of varieties tested in different studies.
The LMW-GS accounts for 60-70% of the total glutenin comprising a number of individual components which can be classified into three groups (B, C, and D) on the basis of their electrophoretic pattern on SDS-PAGE. [22] The major group, the B-subunits, comprises basic proteins, whereas, the minor C-subunits have a wide range of isoelectric points varying from slightly acidic to highly basic. The B-group corresponds to proteins ranging in molecular weight from 40 to 50 kDa while the C-subunits range from 30 to 40 kDa. The remaining group, the D-subunits, has slower mobility than the B-and C-subunits and form one of the most acidic groups of proteins in the endosperm. The results presented in our study showed that LMW-GS components were present in all the groups during both the crop years 2010-2011 and 2011-2012.
Kasarda [23] suggested on the basis of structural characteristics of the B, C, and D groups, the existence of two functional groups of LMW-GS. One group, which includes the majority of the B-type sub-units, designated as molecular weights of B-subunits of different wheat varieties may act as chain extender of the growing polymers because of their ability to form two inter-molecular disulphide bonds. The second group, which includes most of the C-and D-type LMW-GS, designated in different studied wheat varieties, may act as chain terminators of the growing polymer, having only one cysteine available to form an inter-molecuar disulphide bond. [24] The LMW-GS may have a pronounced effect in determining the physical dough properties of flour during bread making [25, 26] and pasta making. The wheat varieties Shafaq-06, Lassani-08, and AARI-10 contained more bands of LMW-GS which may have good physical dough properties of flour during bread making as reported by Rehman et al. [27] and Khan et al. [7] In the present study the wheat varieties showed the presence of LMW-GS of~42 kDa during the cropping year 2010-2011 and 2011-2012 which play only a major role in determining the quality characteristics. LMW-GS~42 kDa was also isolated and studied by Masci et al., [28] who reported that this~42 kDa subunit as a linear chain extender [29] was capable of enhancing chain length during glutenin polymer formation. If~42 kDa subunit in indeed linear chain extender it might be in accordance with the correlation of this type of subunit with good quality. Masci et al., [30] also described the presence of LMW-GS~42 kDa indicating the good quality of bread wheat. In the present study, the wheat varieties mentioned above have shown the presence of this LMW-GS 42 kDa which indicates that these wheat varieties might possess good quality of bread. This study suggests that the role of LMW-GS and HMW-GS in the relation of end use quality should be further investigated.
The molecular weight of wheat varieties produced during the crop year 2011-2012 was observed higher as compared to the molecular weight of wheat varieties observed during the crop year 2010-2012. Also, the observed results were not significant, but the higher molecular weight yielded during the crop year 2011-2012 may depend upon the content of crude protein which was observed higher in the year 2011-2012 than 2010-2011. Johansson et al. [31] reported that the protein concentration is determined by the genetic background but is also influenced, to a large extent, by environmental factors, such as nitrogen and water access and temperature conditions. He further stated that the cultivars which had a higher protein concentration were found to correlate with an increased total amount of gliadins and glutenins.
Acid-PAGE Characterization of Gliadins
To categorize variants of gliadin subunits in different wheat varieties, protein extracts were analyzed by acid-PAGE. The gliadin electropherogram of different wheat varieties grown during the crop years 2010-2011 and 2011-2012 are shown in Fig. 2 . The results demonstrated that gliadin bands for each wheat variety possessed variation in one or more gliadin bands in relative mobility. It is also evident from the results that the maximum numbers of gliadin electrophoregrams were resolved in case of wheat variety Lassani-08. The results regarding gliadin bands revealed that the total gliadin electrophoregrams ranged from 31.03 to 89.61 kDa and 32.91 to 92.22 kDa among different wheat varieties during the crop years 2010-2011 and 2011-2012, respectively, Tables 3 and 4 . The polypeptides with molecular weight between 31.03 to 54.50 kDa and 32.91 to 55.21 kDa belong of α-, β-, and γ-subunits of gliadin, during the crop years 2010-2011 and 2011-2012, respectively. These subunits consisted of three to six polypeptides ELECTROPHORETIC CHARACTERISTICS OF GLUTEN PROTEINS depending on genotypes. The group of polypeptides with a molecular weight of about 54.50 to 89.61 kDa and 55.21 to 92.22 kDa are subunits of ω-gliadins during the crop years 2010-2011 and 2011-2012, respectively. According to our results, ω-gliadin subunits were consisted of three to five polypeptides among different wheat varieties. The significant variations observed in the present study among different wheat varieties may be due to the differences in their genetic makeup. Zilic et al. [32] also observed such variations among different wheat varieties and reported that these variations may be due to the different genotypes among different wheat varieties. Our results are closely related to the findings of Kasarda et al. [23] Kasarda et al. stated that the molecular weights of ω-gliadins are between 46 and 74 kDa, and that α-, β-, and γ-gliadins have lower molecular weights, ranging from 30 to 45 kDa. Similarly, Zilic et al. [32] also concluded that the group of polypeptides with a molecular weight of about 55.7 to 73.6 kDa is ω-gliadins subunits.
The data indicated that number of the gliadin bands within wheat varieties did not differ between the crop years. However, the relative intensities of some of the gliadin bands differed across the crop years. These findings are in agreement to the early studies of Anjum and Walker [33] and Wrigley et al., [34] who reported that the numbers of gliadin bands are not affected by the environmental conditions such as growth, location, disease, weathering, sprouting, etc. The variation in the intensities of the gliadin bands found between the crop years is in line with the findings of Anjum et al. [35] who reported that the variation occurred in the intensities of some gliadin bands due to different growth locations for the given wheat cultivars. The variation in molecular weights observed in the present study is well-supported by the findings of Elangovan et al. [36] who concluded that different components of gliadin revealed a statistically significant difference in accumulation due to location or environment. This shows that there is a significant effect of environment in controlling the expression of gliadin protein. The differential accumulation of gliadin due to environment has also been well-documented by Triboi et al. [37] CONCLUSION The study concluded that the wheat variety AARI-10 possessed HMW-GS with higher molecular weight, and this variety can be found best with respect to bread baking qualities. The results also indicated that number of the gliadin bands within wheat varieties did not differ between the crop years. However, the relative intensities of the gliadin bands differed across the crop years. Further, AARI-10 could be used to breed future wheat varieties with improved bread making qualities.
